We consider a semiflexible filament in a gliding assay setup driven by active motor proteins. The motor proteins undergo attachment-detachment kinematics with diffusive attachment, and a detachment rate that depends on the load experienced. Attached motor proteins move along the filament to one of its ends with a velocity that varies non-linearly with the motor protein extension, the resultant force on the filament driving it out of equilibrium. The distance from equilibrium is reflected in the end-to-end distribution, modified bending stiffness, and transition to spiral morphology of the polymer. The stress dependence of activity leads to a unrestricted number of ballistic-diffusive cross-overs of the filament center of mass, limited only by observation time. This is explained using the detailed nature of the dynamics, supported by an effective active polymer description.
I. INTRODUCTION
The active cytoskeleton in a living cell provides its structural stability, mediates deformation and growth of the cell when necessary, and acts as transport lanes and highways for intracellular cargo [1, 2] . Cytoskeleton is made of semiflexible filaments, e.g., F-actins and microtubules, that are driven by associated motor proteins, for example myosin and kinesin family motor proteins respectively [3] [4] [5] [6] [7] [8] [9] . Given the complexity of the cytoskeleton in a living cell, in vitro experiments were devised in which purified and stabilized cytoskeletal filaments and corresponding motor proteins were studied separately [10] [11] [12] [13] [14] [15] [16] . In a gliding assay setup, heads of molecular motors are attached to a suitably prepared cover slit irreversibly, such that the tails can actively drive the associated filaments, hydrolyzing the chemical fuel ATP. This led to observation of collective motion, e.g., formation of spiral and aster patterns in microtubules driven by kinesin [12] or dynein molecules [14] , or swirling patterns in high density F-actins floating on a myosin motility assay [13] . Single molecule experiments on motor proteins revealed details of their dynamics, e.g., force-velocity relation, dependence of turnover on load experienced, and dependence of activity on ATP concentration [5, [17] [18] [19] [20] [21] [22] [23] . Motion of rigid cargo under collective drive of molecular motors has been studied both experimentally and theoretically [24] [25] [26] [27] [28] [29] [30] [31] [32] .
Related but not restricted to the above scenario, a broad field of active soft matter has seen rapid progress in recent years, due to its importance in biology and possible technological applications [33] [34] [35] . In theoretical studies of active systems, key concepts such as broken detailed balance and entropy production has recently been used to characterize the distance of these systems from their equilibrium counterparts [36] [37] [38] [39] . The description of such systems take two distinct approaches, meso-scale modeling in which activity and interactions are incorporated by simple rules [40] [41] [42] , and hydrodynamic approach in the macroscopic limit using generic symmetry principles [33, 43, 44] . While the hydrodynamic approach captures many of the large scale properties of collective motion, understanding of specific dynamical behavior often requires a micro to mesoscopic approach, e.g., the behavior of bird flocks in the presence of a leader [45, 46] , desorption of a filament from motor protein bed [47] . As we show in this paper, in the context of cytoskeletal filament-motor protein complex, description of some crucial dynamical properties requires a more microscopic approach.
Early theoretical approaches to explain experimental observations of spiral rotation or flagella like beating of a single F-actin filament in myosin gliding assay, modeled activity as a constant tangential force along the filament contour [11, 15] . Observations of emergent vortex structures in F-actin-myosin assay in Ref. [13] was explained using a hydrodynamic interaction, while the same in microtubule-dynein assay [14] was explained using polymer collision based arguments. Independent numerical simulations of self-propelled filaments are shown to spontaneously get into spiral rotation in presence and absence of hydrodynamic interaction [48] [49] [50] . Numerical simulations of active polymers composed of a permanent distribution of stresslets along its contour or chemically active / self propelled beads in the presence of hydrodynamics have shown similar results [51] [52] [53] [54] . Generic consideration of a stiff filament in an active medium leads to the possibility of both increase or decrease of effective bending rigidity, depending on the orientation of filament segments with respect to contractile or extensile medium [36, 55] . The collective dynamics of such active self-propelled filaments has revealed activity driven crossovers from coherently free flowing filaments to frozen spiraling ones [56, 57] . Studies of semiflexible polymers under active correlated fluctuations showed a cross-over from bending rigidity dominated to flexible polymer-like dynamics [58] . These studies also led to prediction of a short time ballistic, to long time diffusive behavior of the mean squared displacement of polymer center of mass, showing a single crossover [50, 59] .
In this paper we present numerical simulation results of an extensible semiflexible filament, explicitly modeling a motor protein gliding assay. Individual motor proteins are modeled as harmonic springs undergoing attachmentdetachment kinetics that do not obey detailed balance. The attachment to filament is diffusion limited, and the detachment rate increases exponentially with the extension of individual motor proteins. In the attached state the tail of a motor protein moves tangentially towards one end of the polymer in an active manner, with a velocity that depends non-linearly on the motor protein extension.
We characterize the non-equilibrium conformations of the polymer comparing its end-to-end distribution with that of the equilibrium filament using a stochastic entropy difference. We show that subtle changes in the local load dependence of detachment rate and active velocity of motor proteins, leads to dramatic differences in the end-to-end distribution. As expected, the difference increases with increasing activity. The effective bending stiffness reduces, and the polymer shows a first order like conformational transition to phase coexistence between open and spiral chains with increasing activity. This result is in qualitative agreement with earlier studies on active polymers [48, 50] . The polymer morphology is determined by active velocity, turnover rates and bending rigidity of the filament. The most startling result is seen in the dynamics. The center of mass of the polymer shows a unrestricted number of cross-overs between ballistic and diffusive motion limited only by the observation time. To our knowledge, this kind of behavior was never reported in the literature before.
In the following section we present the detailed model. All the results are discussed in Section III. The dynamical cross-overs are analyzed with the help of individual trajectories, and an effective Langevin equation. They are understood in terms of the change in conformation, showing interesting structure-dynamics coupling.
II. MODEL AND SIMULATIONS
We consider an extensible semiflexible filament described as a bead-spring chain of N beads constituting (N −1) bonds of equilibrium length σ such that the chain length L = (N − 1)σ, spring constant A, and finite bending rigidity κ. This is described by the Hamiltonian
with β = 1/k B T , the inverse temperature. The bond vector b(i) = r(i+1)−r(i), where r(i) denotes the position of the i-th bead. This allows one to define the local tangent t(i) = [r(i+1)−r(i)]/b(i). In the limit of large A, instantaneous bond lengths b(i) ≈ σ, and the polymer maps to a worm like chain [60] . In addition, excluded volume interactions between the non-bonded beads of the polymer is incorporated via a Weeks-
1/6 σ and 0 otherwise. The polymer is placed on a substrate of motor protein (MP) assay. We explicitly model MPs and their dynamics, unlike several recent studies that used effective active polymer models [50, 58, 59, 61] . The MPs are modeled as active elastic linkers. The head of i-th MP is attached irreversibly to the substrate at position r 
where ω 0 is the bare off rate, f l = |f l | and f d is the detachment force. The ratio ω on : ω off does not obey detailed balance. When attached, a MP can move on the filament towards one of its ends, depending on the MP and filament type. For example, attached Kinesin moves towards positive end of the microtubule with active velocity v a t along the local tangent of the filament given by [21, 47] 
where f t = −f l .t, d 0 = 0.01 and f s is the stall force. Here v 0 denotes the velocity of MP in the absence of stress. We perform numerical simulations of the model to investigate structural and dynamical properties of the polymer, actively driven by MPs. The molecular dynamics of polymer is performed using the velocity-Verlet algorithm in presence of a Langevin heat bath. The bath fixes the ambient temperature k B T through a Gaussian white noise obeying η i (t) = 0, and η i (t)η j (t ) = 2αk B T δ ij δ(t − t ), where α denotes viscosity of the environment. The unit of energy is set by k B T , length is set by σ and time by τ = ασ 2 /k B T . This defines a diffusion coefficient, D = k B T /α. In these reduced units we choose, r c = 0 
(color online) Activity dependence of end-to-end distribution function p(r) at rigidity parameter u = 3.33 and Ω = 5/6. (a) A measure of stochastic entropy difference of filament under active drive with respect to that of the equilibrium polymer. (b) End-to-end distribution of stretchable semiflexible polymer at equilibrium peq(r). (c) End-to-end distribution for three different values of P e using stretching dependent turnover and active velocity.
in the 2d assay, ρ = 3.8 σ −2 . In absence of MPs, the polymer shows established equilibrium properties. The attachment (detachment) of MP tails are stochastic, and performed using probabilities ω on δt(ω off δt). The extension in the attached state has two contributors -the MP tail is dragged along with the filament segment to which it is attached, and it can slide from one segment to another with an active velocity v a t . We study the influence of the active bed of MPs on the static and dynamic properties of the polymer as we vary the (a) bare processivity Ω = ω on /(ω off + ω 0 ) and (b) a dimensionless Peclet number defined as P e = v 0 σ/D.
III. RESULTS
At equilibrium, mechanical and structural properties of a semiflexible filament are determined by the persistence ratio u = L/λ, where L is the contour length of the chain, and λ is the persistence length, which for a worm-like-chain (WLC) is related to bending rigidity κ by λ = 2κ/(d − 1) [60] . The active drive from processive MPs attaching (detaching) to (from) the filament generates non-equilibrium stress which have profound effect on the steady state conformational properties of the polymer. To characterize the conformational properties, we obtain probability distribution of the end-to-end distance, P (r, L), of the polymer. At equilibrium, this has the scaling form,
wherer = r/L and u = L/λ. The WLC limit of our polymer model is obtained in the limit of large bond-stiffness A. In equilibrium, p(r, u) for WLC shows a first-orderlike transition from a single maximum atr = 0 for the flexible limit of large u to a maximum atr = ±1 for a very rigid polymer with small u [60, 62] . The transition point was determined to be near u = 3.33 in two and three dimensions. However, in presence of self-avoidance, the probability of end-to-end separation p(r, u) atr = 0 gets suppressed (see Fig. 1(b) ). In all our simulations, except for in Fig. 5(b) , we use κ = 9.45 σ that corresponds to u = 3.33 for L = 63 σ chains.
A. How far from equilibrium the polymer is?
Under the active drive of the gliding assay of MPs, the morphology of the polymer changes. In Fig.1 we show how this impacts the end-to-end distribution function p(r, u). The change in the distribution function with respect to the equilibrium distribution is a measure of how far from equilibrium the polymer is, in terms of its morphology. This is well captured by the difference in stochastic entropy between the two states [63] ,
In Fig.1(a) we show how the dimensionless quantity −∆s/k B changes with activity. The equilibrium distribution p eq is shown in Fig.1(b) . If the activity of MPs is independent of the load force acting on them, ω off = ω 0 and v a t = v 0 . This corresponds to the limit of infinitely large f d and f s . It is expected that the deviation ∆s would be large for large non-equilibrium driving, quantified in terms of large f d , f s and Ω.
We first consider the situation in which ω off = ω 0 is kept fixed (ω on : ω 0 = 5 : 1 which corresponds to Ω = 5/6), and the active velocity v a t is varied ( Fig.1(a) ) for three possible situations. (i) In the absence of any directed motion of the polymer, i.e., with v 0 = 0, the non-equilibrium end-to-end distance distribution, with respect to the equilibrium one, shows a dip nearr = 0, indicating a relative bias to the open conformations of the polymer. This indicates that a mere stochastic attachment/detachment kinetics of MPs, that does not obey detailed balance, leads to an enhancement of effective stiffness of the filament. (ii) When attached, MPs move but the motion is assumed to be independent of the load 
(color online) Tanget-tangent correlation function for P e = 1, 10 and 100. The data set passive denotes equilibrium result. In presence of motor proteins the curves are for Ω = 5/6. The solid line shows a single exponential fit to P e = 10 data used to extract the effective persistence length λ eff = (15.99 ± 0.24) σ.
experienced, v a t = v 0 . The effect is dramatic. The filament, gliding on the attached MPs, undergoes a transition to a rotating spiral configuration (further discussions in Sec. III C). This gives rise to a peak in the end-to-end distribution nearr = 0.1, captured by the corresponding peak in −∆s/k B . (iii) If we incorporate local stress dependence in v a t , the polymer is still softened but now switches between gliding and spiral states more freely. Thus in addition to the peak nearr = 0.1, a non-zero probability at higherr appears. The statistics, dynamics and mechanical properties of the polymer under MP drive is determined by a competition between processive active velocity of MPs and bending stiffness of the polymer. The impact of this competition on end-to-end distribution is further elaborated in Appendix-A.
We next consider the situation allowing the detachment rate ω off to be dependent on the local load force (Eq.2), and probe the regime of small P e first. Interestingly, we find that the distribution of end-to-end distance remains largely unchanged with respect to the equilibrium behavior, with ∆s ≈ 0. This implies that allowing the model MPs to respond to local stress by modifying their unbinding rate is sufficient to relax the polymer morphology back towards its equilibrium conformations. In the small P e regime, the local stress dependence/independence of the active velocity of the attached MPs, v a t , do not have much influence on the distribution. However, increasing P e has a strong implication for the conformational properties as discussed in the following section.
Dependence on Peclet
Unlike the special cases that we considered above, real MPs do respond to MP deformations in terms of modified ω off and v t a . Here we present conformational properties of the polymer considering these facts. Using a bare processivity Ω = 5/6 typical for Kinesin MPs [4, 5] , we investigate how polymer properties vary with increasing P e, that might be controlled in an experiment by varying ATP concentration [21] .
For low values of P e, the local forces acting on the polymer backbone due to binding kinetics and motor movement is not sufficient to cause significant local curvature. As P e is increased, due to tangential velocity of MPs and enhanced directional fluctuations, the polymer starts to coil up and rotates with a spiral configuration in the steady state (discussed further in Sec. III C). The impact shows up in terms of a maximum in p(r) near r = 0.2 appearing for large Peclet, P e = 100 (Fig.1(c) ). This feature is robust with respect to change in Ω (see Appendix-B).
B. Determination of effective stiffness
To further characterize the steady state conformational properties of the polymer, we consider the tangenttangent correlation function, t(s) · t(s ) for different P e. For an equilibrium WLC polymer, one expects a single exponential decay of the correlations, characterized by the persistence length λ as, t(s) · t(s ) = exp(−|s − s |/λ). Even for the driven polymer, the tangent-tangent correlation provides a measure of the structural rigidity of the filament and can also be obtained experimentally by fluorescent imaging of polymer conformations. In Fig. 2 , we observe that the correlation function for small activity, P e = 1, shows a characteristic exponential decay that follows the equilibrium correlation function very closely. Fig. 2 shows that the correlation length decreases with increase in P e. This is indicative of a softening of the polymer with the emergence of strong bending fluctuations. Up to P e = 10 shown in the graph, the overall nature can be described by a single exponential decay, which is fitted to extract the effective persistence length λ eff , directly. For higher values of P e, e.g., at P e = 100, the correlations start showing oscillations, capturing emergence of spiral conformations that occur at higher activity. In such cases, the crossing of zero by the correlation function is interpreted as the persistence length. The variation of this effective persistence length with activity is listed in Table- the angle subtended by the unit tangentt(s) with x-axis. This ψ(s) is a good order parameter, clearly distinguishing an open polymer from a spiral one and also separates clockwise and anticlockwise spiral states (Fig. 3(a) ). The steady state probability distribution of ψ(s = L) is a Gaussian with a peak at ψ(L) = 0 for small P e, indicating the absence of spiral states. Increasing P e has a dramatic effect on the distribution, with symmetric peaks emerging for non-zero ψ(L) indicative of coexisting spiral states with equal probabilities of clockwise and anticlockwise winding, along with the open state characterized by ψ(L) = 0. Such phase coexistence is a characteristic feature of a non-equilibrium first order phase transition.
D. Anomalous dynamics of the center of mass
In Fig. 4(a) we show mean squared displacement (MSD) of the polymer center of mass as a function of time, for three different P e values that are separated over two decades. At very short time the MSD shows an approximate ballistic scaling with time at all P e. With increasing time we find several ballistic-diffusive crossovers, limited only by the total run time of our simulations. For example, the MSD for P e = 1, shows ballisticdiffusive-ballistic-diffusive-ballistic crossovers. The time lag between such crossovers increases with increasing P e, thus reducing the total number of crossovers observed over a given time window. A closer look at the ballistic regime suggests, in fact, a super-diffusive scaling (δr cm ) 2 ∼ τ 1.8 , which we explain in the later part of this section. It is well understood that while a persistent random motion shows one ballistic-diffusive crossover, a directed random motion undergoes a single diffusiveballistic crossover with increasing time [65] . Such behavior is a recurring feature of active systems, including active polymers [50, 59, 66] . However, unrestricted number of ballistic-diffusive cross-overs limited only by the observation time, is an effect which to our knowledge, were never reported in the literature. We first explain the reason of such a dynamic behavior resorting to a stochastic trajectory of the polymer from our simulations, followed by an approximate theoretical analysis.
Given the system spends longer time in both the ballistic and diffusive modes of dynamics at higher P e, it is easier to find and analyze longer trajectories in each of these states at P e = 100. Thus, for better clarity, in Fig. 4(b) we show time evolution of the center of mass position of the polymer at P e = 100, indicating its various conformations associated with the trajectory. As the polymer takes a folded conformation, which is often a spiral in this case, the force generated in different segments by the gliding assay cancel each other, and the center of mass does not get any net directed force. As a result, the center of mass moves diffusively, getting mostly localized in a narrow region, albeit with an enhanced diffusivity due to the added active noise with respect to equilibrium (Fig. 4(b) ). When the polymer retains a more open conformation, the gliding assay indeed generates directed force on the center of mass, leading to a ballistic motion over such periods shown by long directed trails in Fig. 4(b) .
More quantitatively, the ballistic-diffusive crossovers can be understood by considering evolution of the endto-end extension r ee , orientation of the end-to-end vector φ, and the root mean squared (RMS) fluctuation of the center of mass position ∆r 2 cm along a single trajectory (Fig. 4(c) ). Clearly there are time-spans over which r ee remains close to zero, i.e., in a folded (spiral at P e = 100) state, e.g., between t ≈ 4.5 − 5 × 10 5 τ . It should be noted that the formation of spiral happens at high P e as was shown in Sec. III C. However, even at smaller P e, the chain switches between open and non-spiral folded conformations. Non-spiral folds show a little higher value of r ee than when spirals form.
There are other time windows over which r ee fluctuates rapidly between open and spiral states (e.g., between t ≈ 0 − 4 × 10 5 τ ). As is shown in Fig. 4(c) , φ changes ballistically over a timespan over which r ee remains close to zero in a spiral state. In particular, between t ≈ 4.5 − 5 × 10 5 τ the angle φ rotates clockwise ballistically showing a linear drop in its value. During such time spans, the center of mass position of the polymer does not change appreciably, as is shown by ∆r 2 cm in Fig. 4(c) , indicating diffusion. When r ee is large corresponding to open states, the gliding assay provides directed force on the center of mass. The time spans over which r ee shows fast switching between open and folded states, ∆r 2 cm switches rapidly between drift and diffusion. This explains an overall super-diffusive motion of the center of mass over such time spans. During such periods φ essentially fluctuates diffusively without any drift.
E. Effective active polymer model
The polymer under gliding assay, switching between attached and detached states, can be represented by an effective active polymer model [67] , provided the attachment-detachment rates ω on , ω off (= ω 0 ) and active velocity v a = v 0 of MPs in the attached state are assumed to be independent of the MP stretching. As we have shown, in the large activity limit the effective bending rigidity gets strongly compromised. Thus ignoring bending stiffness contribution, one may write the dynamics of polymer segments r(s) as
where f p = γv 0 Ω with processivity Ω = ω on /(ω 0 + ω on ). The active noise due to (de)attachment has mean η a = 0 and correlation η a (s, t)η a (0, 0) = D a exp(−t/τ ) Lδ(s) with noise strength D a = f 2 p (ω off /ω on ) and turnover time-scale τ = (ω on + ω off ) −1 . Note that in the effective dynamics, both the mean active force and strength of active noise depend on active velocity v 0 of MPs, whereas the correlation time in active noise is given by the effective turnover rate.
Analysis of the above equation in presence of f p is not straight-forward, as the mean force acts along the local tangent that itself evolves with time. Decoupling the mean active force, and correlated random noise, as was often done in earlier publications, simplifies the analysis [58, 59] . This provides some useful insight into the dynamical cross-overs.
Using f p = 0 along with a non-zero D a allows one to expand solutions of Eq. (5) into a complete set of eigen functions φ n (s) = 2/L cos(nπs/L) corresponding to the eigenvalue equation Ad 2 φ n /ds 2 = − n φ n , with eigen values n = A(nπ/L) 2 , and orthonormality condition 
As it is clear, in the short time limit t τ this predicts a ballistic behavior [ 
, whereas in the long time limit t τ that crosses over to
. It is easy to show that in the presence of a thermal noise with η th (s, t)η th (0, 0) = 2D th δ(t) Lδ(s), fluctuations [r 0 (t) − r 0 (0)] 2 = 2LD th t / γ 2 . As a result, the full expression for displacement fluctuations is
Thus at short time, t τ , the overlap of ballistic and
predicts an overall super-diffusive dynamics, which crosses over to diffusive scaling with an enhanced diffusion constant 2L(D th + D a )/γ 2 at longer time t τ . This explains a single crossover from superdiffusion to diffusion with increase in time. The question is what might have led to unrestricted numbers of crossovers as observed in our simulations.
To understand that one must resort back to the origin of the active noise (and force). Note that D a = 
IV. DISCUSSION AND OUTLOOK
Using stochastic molecular dynamics simulations we have investigated the conformational and dynamical properties of a semiflexible polymer in the presence of motor proteins, which (un)bind (from)to the polymer and perform directed active motion. Unlike in equilibrium worm like chain, the end-to-end statistics is not controlled by the ratio of persistence length and chain length, but results from a competition between the processive active velocity and bending rigidity. The activity influences polymer morphology, mechanical properties, and dynamics in a concerted manner. With increasing activity of motor proteins, we obtained the following : (i) studies of end-to-end distribution and tangent-tangent correlation function showed an increase in the probability of small end-to-end distance associated with decrease in effective bending stiffness, (ii) with increasing activity we found onset of spiral conformations coexisting with open chains, (iii) the center of mass motion showed a unrestricted number of ballistic-diffusive crossovers with time. While some of these behaviors, e.g., formation of spiral chains at high activity was predicted within active polymer models [50] , the dramatic effect of unrestricted number of ballistic-diffusive crossovers could not be described without explicit consideration of motor proteins. This necessarily depends on stress build up and relaxation mediated by the load dependence of turnover and active velocity.
We hope our work will motivate further experimental and theoretical work on semiflexible filaments in gliding assays. Our predictions, including that on the center of mass dynamics, may be tested in microtubule-kinesin assays, or F-actin in a processive myosin-V assay.
APPENDIX A: COMPETITION BETWEEN ACTIVITY AND BENDING STIFFNESS
For a semiflexible polymer in equilibrium, the end-toend distribution p(r, u) is determined by the dimensionless ratio u = L/λ. On the other hand, in presence of motor proteins, the statistical and mechanical properties are expected to be determined by an interplay of activity and bending rigidity. To probe that within our model, here, we fix ω off = ω 0 , and vary the chain length L = (N − 1)σ by changing N , the ratio u = L/λ, and bending rigidity κ of the polymer to study their impact on conformational properties. We use both stress dependent and independent v t a , and plot the end-to-end distributions for three different active velocities in Fig. 5 . A comparison of Figs. 5 (a) and (b) clearly shows that for the same u and different L, unlike in equilibrium WLC, the conformational properties of the polymer are significantly different. For example, for N = 128 and u = 3.33 ( Fig. 5(b) ), the distribution for v 0 = 0 indicates a much stiffer polymer compared to N = 64 ( Fig. 5(a) ). For nonzero active velocity, the spiral states observed for N = 64 disappears for N = 128, leading to stiffer conformations devoid of spirals. If, however, we keep the value of κ fixed as we change the length of the polymer from N = 64 to N = 128 (Fig. 5(c) ), the distributions we get compares much better with Fig. 5(a) . This shows that, for a given processivity Ω, the conformational properties of polymers driven by MPs are determined by a competition between active velocity and bending rigidity. Within active polymer models having tangential drive, arguing that active force f p may generate compression, a torque balance leads to a critical active force f c p ∼ κ/L 3 , beyond which straight filaments are unstable towards buckling [53] . In the limit of stress independent activity, a simple extension of this relation to the instability of the filament under MP driving can be obtained by replacing f 3 . Thus buckling instabilities are expected to be controlled by the dimensionless number F = γΩv c L 3 /κk B T . However, for polymers driven by real MPs that shows stress dependent activity, the determining factors are expected to be more subtle, and remains to be studied in future.
APPENDIX B: END-TO-END DISTRIBUTIONS FOR DIFFERENT Ω
In Fig. 6 , we show the dependence of the conformational properties of the polymer as the bare processivity Ω = ω on /(ω on + ω 0 ) is varied. Here we consider the scenario where both the detachment rate and the active velocity depend on the local stress. For a fixed Ω we plot the end-to-end distribution of the polymer as P e is changed. As in Fig. 1(c) , the distributions look similar to equilibrium distribution p(r) for low P e and a peak nearr ≈ 0 appears for high P e, indicating the emergence of spiral states. Therefore we conclude that for stress dependent ω off , varying Ω does not affect the conformational properties significantly. Recall that a stress independent ω off with non-zero P e results in coiled states of the polymer. Switching on local stress dependence in ω off allows the polymer to relax back to its equilibrium conformations whenever stress builds up beyond a limit, even if the processivity Ω is high. As P e is increased, it triggers an instability towards spiral states and we see the emergence of a peak nearr = 0 in the steady state distributions.
